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Introduction
The World Health Organization's 'Guide to Good Prescribing' [1] advocates the transfer of information as vital for rational drug therapy. In Australia, the Prescribing Competencies Framework [2] identifies effective communication and collaboration with patients and other healthcare professionals as an overarching theme across all other competency areas. In the healthcare setting, this communication relies on the accurate and precise exchange of information between all individuals of the multidisciplinary team [3] . However, despite increasing awareness through the establishment of guidelines, many reports have identified communication issues (poor communication, lack of clarity) at the point of prescribing as either the root cause or as a contributing factor to patient medication safety incidents and adverse drug reactions (ADRs) during hospital stays [4, 5] .
Dramatic socioeconomic development has both improved survival at younger ages and increased life expectancy, with the number of people aged over 60 years projected to rise from 900 million to 2 billion between 2015 and 2050 (12-22% of the total global population) [6] . An ageing population is increasingly susceptible to chronic disease and multimorbidity. This results in polypharmacy in a population with altered and variable pharmacokinetics and pharmacodynamics, lack of resilience and sensory, cognitive and functional decline [7] . High-risk prescribing practices such as polypharmacy (concurrent use of ≥5 different medicines) or prescribing potentially inappropriate medicines (those where the potential harm is likely to outweigh the potential benefit) result in potentially avoidable ADRs and other negative clinical outcomes in older people [8, 9] .
The complex management of older people is based on integrated patient-centred healthcare models that rely on multidisciplinary team members sharing both responsibility and accountability for clinical processes and care outcomes [10] . In addition to multiple junior and senior medical practitioners, other healthcare professionals are involved in the management of medications in hospitalised older people. Appropriately trained aged care nurses attend to patients' hour-to-hour, often minute-to-minute, healthcare needs, providing leadership and coordination among other nurses. Clinical pharmacists provide expertise in the safe provision and monitoring of medications. Their involvement in multidisciplinary teams has been shown to reduce drug-drug interactions and ADRs [11] . Physiotherapists, occupational therapists, social workers, dieticians and speech pathologists can offer valuable insights on functional effects of medicines use and on disabilities that may affect adherence in hospital and following discharge.
Social network analysis (SNA) is the analysis of patterns and interrelationships between individuals to determine network structure, and how these properties may affect behaviour and other outcomes [12] . In the healthcare setting, it has been used qualitatively and quantitatively to examine hospital coordination, spending and policy-driven prescribing targets [13] . However, there has been limited association of SNA with clinical process or patient outcomes [14] . Only one previous study examined communication in relation to prescribing errors. Lower amounts of communication between physicians and nurses, as measured by advice seeking network densities, were associated with higher rates of prescribing errors across two wards within the same hospital. Further, junior doctors, senior nurses and pharmacists were observed to provide medication advice to other healthcare providers most frequently throughout a 1-week study period [15] . Previous studies using network analyses in the hospital setting were limited by use of single-network analyses, limiting generalizability, and have not investigated the relationship between networks and clinically relevant patient outcomes.
Communication between members of the multidisciplinary team is particularly central to the quality use of medicines by the complex patients on geriatric medicine wards. This study examined the interactions on four acute geriatric medicine wards between members of a multidisciplinary healthcare team surrounding the exchange of information about their patient's medicines. We hypothesized that communication between staff on geriatric medicine wards would vary between hospitals and those with greater medication information exchange (MIE) density would be more likely to reduce measures of high-risk prescribing for patients during hospital admission. We aimed to describe and compare network density (whole network measure of connectivity, calculated by the total number of observed ties divided by total number of possible ties), determinants of the network and key communicators from each hospital's geriatric medicine ward. The relationship between network features and prescribing habits were also analyzed.
Methods
The study was conducted in two parts within geriatric medicine wards across four tertiary referral urban teaching hospitals in Australia. This multisite study was approved by the institutional Human Research Ethics Committee (HREC), with site-specific assessments approved at each site (HREC Reference: LNR/15/Hawke/128). Written and informed consent was obtained from each participant for network analysis and patient medication data were de-identified on collection.
SNA
Network analysis was used to characterize MIE between all staff members within a two-week period. A paper-based questionnaire was administered within a 72-h period to all consenting staff who had worked at least 50% of their regular shift load in 2 weeks prior to survey administration. Those who had not worked at least 50% of their regular shift load (illness, leave etc.) were excluded due to decreased potential to participate in MIE. The staff roster was used to identify staff and determine their recent shift load. Each network was defined as a closed network consisting of all ward staff, with all staff members identified listed on the questionnaire. Respondents were asked to identify with whom they had initiated discussion regarding patient medications in the previous 2 weeks using a list provided containing the names of the respective staff members of that ward.
Visual analysis was conducted through sociograms generated using Gephi (version 0.8.2, Paris) [16] and whole network measures of cohesiveness calculated using UCINET (Version 6.556, Harvard, MA, USA) [17] . Exponential random family graph models (ERGMs) were applied using STATNET within the programming software R [18] to identify social processes and node covariates significant to the observed network structure. Identification of important individuals respective to each network were calculated using the evaluation of importance based on multi-indicator (EIMI) method developed by Huang et al. [19] .
Retrospective medicines review
Patient demographics, medicines use and clinical data were collected for all patients discharged from each respective geriatric medicine ward in the 2 weeks prior to the questionnaire administration date from electronic medical records. Patient medication data were recorded from admission and discharge, with information used to calculate changes in indicators of high-risk prescribing which included prevalence of polypharmacy [20] , patient drug burden index (DBI) [21] and the prescription of potentially inappropriate medicines according to modified updated Beers criteria [22] . Documented ADRs on discharge summaries were recorded as a measure of patient outcome. Severity of each ADR was recorded as serious/nonserious as defined by the Therapeutic Goods Administration of Australia guidelines [23] and was independently reviewed by three investigators.
Statistical analysis
Statistical analysis of network data was conducted using UCINET (Version 6.556) [17] and ERGM models produced using STATNET [24] within R (version 3.22) [18] . SPSS (Version 22, Armonk, NY, USA) was used for statistical analysis of patient data [25] . One-way ANOVA was used for continuous variables and Chi-square analysis for categorical variables. Two-tailed P-values of <0.05 were considered significant.
Results
Staff on four acute geriatric medicine wards, each from a different urban, tertiary referral, teaching hospital in Australia, were included in this network analysis. High response rates (>95%) were achieved across all hospitals and professions ( Table 1) .
Sociograms constructed for each hospital's MIE network are depicted in Figure 1 . The sociogram of Hospital 1 (H1) shows a large network with identifiable boundaries between professional groups. Junior doctors, senior nurses and the pharmacist are located at the interface between the medical, nursing and allied health disciplines ( Figure 1A ). H2 depicts similar characteristics with consultants and allied health professionals occupying peripheral positions, with the exception of pharmacists in H1 and H3, while junior doctors (JMO2, JMO3) and senior nurses (CNE) occupy central hub positions ( Figure 1B) . One isolate was observed in H2, with the occupational therapist having no interactions regarding MIE in the 2 weeks prior to questionnaire administration. The sociograms depicting H3 and H4 MIE display clustering of the medical profession, with cliques of junior and senior doctors forming on network peripheries.
Each geriatric medicine ward consisted of 40-50 staff members participating in the network questionnaire, with whole network characteristics, intra/interprofessional density scores and top five ranked EIMI individuals displayed in Table 2 . MIE networks were most dense in H1, with an overall density of 21.7%. H1 also showed the greatest observed transitivity (the "friend of a friend is also my friend" phenomenon, 0.530) and degree centralization (the extent to which a network is dominated by one or few very central hubs, 0.624). H2 observed a density of 17.3% and the greatest network diameter of 7 (maximum number of steps of the shortest path between any two members). H3 observed the lowest hierarchy value (extent to which network has a vertical structure with no reciprocation), corresponding to the highest level of reciprocated MEI (both identified the interaction, 48.5%). H4 observed the lowest density (11.7%), and lower degree centralization (0.403) indicating a wider distribution of MIE.
Intraprofessional MIE within the medical and nursing profession observed higher densities relative to overall density in all networks (Table 2 ). In regards to MIE, allied health professionals observed no documented interactions within allied health in H2 and H4. MIE was documented to be lower interprofessionally than within one's own profession, with the exception of allied health to allied health interactions. Within all possible doctor-nurse interactions, H2 observed the greatest density of 10.1% and H3 the least with 5.3%. Regarding doctor-allied health MIE, H1 had the greatest density of 10.5% and H4 the lowest density of 2.2%. Allied healthnurse interactions were observed highest in H3 (6.1%) and lowest in H4 (0.9%).
The top five ranked EIMI individuals included junior doctors and senior nurses in all hospitals, with a pharmacist present in H1 and H3 ( Table 2 ). The highest ranked node in the H1 network was a registrar while in H2, H3 and H4 the highest ranked nodes were all senior nursing staff ( Table 2) .
The same ERGM was fit for all four hospitals (Table 3 ). These models estimate the effects of a range of social processes that most likely led to the formation of the observed network structure [26] . Consistent across hospitals were significant positive effects for reciprocal relationships, indicating that there are pairs of professionals that tend to consult each other (mutual). Furthermore, there is a consistent positive effect for triangles that close an "outgoing 2-path" (gwesp.OTP). This means that the network contains localized cliques of practitioners that consult the same source, directly but also indirectly (A to B, B to C, as well as A to C).
It was observed that doctors were more likely than other multidisciplinary team members to be the receiver in any given interactions in H1, H2 and H4 (nodeifactor, doctor). Other professions did not show consistently higher or lower tendencies to initiate discussion with, or be approached for a discussion about medicines. Junior staff members were more likely to interact within their level of seniority, in H1, H2, but less likely in H3, where instead they tended to turn to more senior staff (nodemix, years working). In all but H2 we found a positive tendency to interact with members of one's own profession (nodematch, profession). The use of other sources of information did not affect the frequency with which our respondents reached out, or received ties in a systematic way across hospitals.
Demographic information and use of medicines on admission and discharge are presented in Table 4 for all patients Medicine information exchange among health care professionals discharged from each geriatric medicine ward in the 2 weeks corresponding to the network questionnaire. The proportion of males:females, length of stay and Charlson comorbidity index scores were not significantly different between hospitals. Compared to patients discharged from other hospitals, the mean age of patients discharged from H1 (88.6 ± 6.8) was significantly higher than the other hospitals, and patients discharged from H4 had significantly fewer comorbidities (P < 0.05) documented in their electronic medical records on admission.
The mean number of regular medicines prescribed on admission was significantly lower in H2 than in other hospitals on admission. However, the mean number of regular medicines prescribed per patient on discharge was not significantly different between hospitals (H1: 9.06 ± 3.64, H2: 7.95 ± 3.35, H3: 9.45 ± 4.06, H4: 9.57 ± 3.6). There was no significant difference between hospitals in the number of medicines ceased or started during admission.
The prevalence and change in high-risk prescribing indicators in the study patient population did not change significantly during hospital admission and generally did not differ between hospitals (Table 5) . On admission and discharge, the majority of discharged patients were prescribed more than five medicines and prevalence of polypharmacy was not statistically different across hospitals. Patient DBI ranged from 0 to 4.06 (H3, Table 5 ) on admission and 0 to 0.92 on discharge (H1 , Table 5 ). However, mean and median change in DBI between admission and discharge were both zero in all Table 2 Network characteristics of medicine information exchange for each hospital. Density presented as overall density as well as intraprofessional and interprofessional densities. Other overall network measures of cohesiveness: average path length, network diameter, degree centralization, reciprocity, hierarchy and transitivity. The top five individuals as ranked by evaluation of importance by multiple indicators are also presented 1109.14 *P < 0.1; **P < 0.05; ***P < 0.01; SE, standard error a Density-edges divided by n(n -1) -likelihood estimate of observed density b Gwodegree-geometrically weighted out-degree distribution -adds one network statistic to the model equal to the weighted out-degree distribution with weight parameter decay c Gwidegree-geometrically weighted in-degree distribution -adds one network's statistic to the model equal to the in-degree distribution with weight parameter decay d Mutual-mutuality/reciprocity -In binary exponential random family graphs, equal to the number of pairs of actors i and j for which (I ➔ j) and ( j ➔ i) both exist. Likelihood estimate of proportion of reciprocity. e gwesp.OTP-geometrically weighted edgewise shared partners, outgoing two-path -friend of a friend phenomenon, probability of closing triangles, that is if A➔ B, and B ➔ C, statistic of A➔ C. f gwnsp.OTP-geometrically weighted nonedgewise shared partner distribution -probability of edge formation given no mutual edges directed towards any other node g nodeifactor-factor attribute for in-edges -probability of incoming interactions for a given nodal attribute. Eg "Nodeifactor g .Profession.Doctor" is the network effect of incoming interactions towards doctors present in network h nodeofactor-factor attribute effect for out-edges -probability of outgoing interaction for a given nodal attribute Eg. |Nodeofactor_Electronic_Use.
Lots" is the network effect and likelihood of those identifying to use more than average electronic resources to also have outgoing interactions. i Mix.YearsWorking_cat.junior.junior-nodal attribute mixing -adds one network statistic to the model for each possible pairing of attribute values.
Statistic equals the number of edges in the network which the nodes have that pairing of values. Categories defined by years working, where junior staff members have been working less than 7 years.
Medicine information exchange among health care professionals hospitals. At least one potentially inappropriate medicine (PIM) according to updated Beers criteria [22] was identified in 36-54% patients on admission and 43-50% of patients on discharge with no significant difference observed between hospitals. The proportion of patients with a serious ADR during admission documented on the discharge summary was significantly higher in H3, with 17.2% (P < 0.05) than the 8.3%, 4.5% and 8.1% in H1, H2 and H4 patients respectively.
Discussion
Through network analysis of staff members working on four acute geriatric medicine wards from different hospitals, this study quantified complex medicine information interactions, revealing the peripheral location of senior consultants and allied health, the tendency to exchange information with an individual within one's own professional group, and identifying staff members who are most likely to be fundamental to MIE. Whole network features (density, centralization, reciprocity) had slight variation, while ERGM analysis identified similar factors to network formation in regards to reciprocal relationships, local clustering around the same experts, and tendencies to interact with the same profession and for doctors to receive more interactions. While visual analysis of network sociograms identified varying network structures, there were common themes of senior doctors located on network peripheries, often closely linked with junior doctors. Allied health professionals were also peripherally distributed, with the exception of permanent on-ward clinical pharmacists at the time of questionnaire administration (H1 and H3). This peripheral location of senior doctors and allied health may limit contribution of and access to healthcare professionals whom may have valuable input and transdisciplinary expertise [27] . Further, ERGM analysis identified that in two hospitals, senior staff members were less likely to engage with junior staff members. This may be a barrier to the successful flow of information j Mix.YearsWorking_cat.junior.senior-nodal attribute mixing -adds one network statistic to the model for each possible pairing of attribute values.
Statistic equals the number of edges in the network which the nodes have that pairing of values. Categories mixed by years working, where junior staff members have been working less than 7 years, and senior staff members working for more than 7 years in that position. k Nodematch.Profession -uniform homophily and differential homophily -probability of edges formed with matching attributed nodes (in this case profession). Network effect of interactions between two people of same profession. l Electronic_use.lots-Nodal attribute categorized by respondent questionnaire answers to external electronic resources. Categories of "Little" and "Lots" where "Lots" is defined by those whose sum of all electronic resource use is greater than average. m Human_Use.lots-Nodal attribute categorised by respondent questionnaire answers to external human resources. Categories of "Little" and "Lots"
where "Lots" is defined by those whose sum of all external human resource use is greater than average. n Patient_Contact.lots-Nodal attribute categorized by respondent questionnaire answers to frequency of patient contact/family member communication for medicine information. Categories of "Little" and "Lots" where "Lots" is defined by those whose sum of all patient/family member communication frequency is greater than average. NA -No pharmacist was present in this network, and therefore parameter not added to model.
Table 4
Demographic and medicine use information of all patients discharged from each hospital in 2 weeks corresponding to network questionnaire on medicine information exchange and impact on the appropriate education of junior staff members on safe, effective prescribing [28] . Similar prescribing patterns on admission and discharge at each hospital precluded any objective conclusions regarding the comparison of network structure to medicines use across the four hospitals.
The observed tendency to communicate within one's own professional discipline (Table 3) is consistent with the well-established concept known as homophily [29] , which has also been observed in other advice-seeking networks in the hospitalized setting [30, 31] . ERGM analysis substantiated this observation, as well as identifying experiencematched homophily, with senior staff members less likely to interact with junior staff members (Table 3) . Furthermore, local clustering was observed around the same experts, consistent with the well-known phenomenon of opinion leaders guiding prescribing [32] . While those within the same discipline are more likely to possess the specific knowledge within one's professional scope, sharing of information across disciplines allows skills and knowledge unique to certain disciplines to be used more effectively. In fact, ineffective interprofessional collaboration has previously been associated with poorer patient outcomes [33] . Predominant interactions within rather than between professions may be related to physical and professional proximity [30] and to the relatively isolated professionalism of disciplines. With the WHO's World Report on Ageing and Health [6] challenging healthcare policy for innovation towards integrated, long-term healthcare systems, establishing informal interprofessional communication networks is crucial. Interventions to improve interprofessional collaboration including education [34] , practice and organizational change have been shown to improve patient health outcomes [35] . Table 5 Exposure of patients at each hospital to indices of high-risk prescribing on admission and discharge. These include prevalence of polypharmacy (≥5 different medicines) and hyperpolypharmacy (≥10 different medicines), Drug burden index (DBI) and potentially inappropriate medicines (PIMs) according to updated Beers' criteria. Serious documented adverse drug reactions experienced during admission, as defined by the Therapeutic Goods Administration, experienced during admission and documented in discharge summary Medicine information exchange among health care professionals
The top five individuals identified as important to MIE followed a consistent structure in the majority of hospitals studied (Table 2 ). This included the presence of approximately two junior doctors, two senior nurses, and a pharmacist or junior nurse. Medical staff specialists predominantly teach junior doctors during ward rounds who then carry out the majority of the tasks on the ward where they interact with the other staff members. Junior doctors therefore hold key bridging components, allowing senior doctors to communicate with the ward by proxy. In particular, junior doctors collaborate with senior nurses who may then distribute information through clear lines of authority within the nursing profession. Senior nurses and junior doctors have also been found to hold important positions in previous studies [15, 30, 36] . Early SNA in a Canadian geriatric care facility observed head/senior nurses to occupy bridging positions between a select problem solving group and lower status nurses [30] . Other studies in the Australian hospital setting and an Italian nephrology department identified doctors to be central to medicine decision-making, as well as the tendency to communicate within one's own professional group [15, 36] . In this study, key individuals were identified using the EIMI method [19] , which determines node importance as a sum of different centrality measures. Based on their position in the network, a person's importance is derived from the number of their relations (degree centrality), their capacity to act as a broker between others (betweenness centrality), as well as their access to other important individuals (eigenvector centrality). Therefore, targeting junior doctors, senior nurses and ward pharmacists may facilitate efficient uptake in future dissemination of new interventions, policies and/or cultures.
In our study, exposure to polypharmacy, patient DBI and the prescribing of PIMs were measured as surrogates for patient health outcomes. These measures have been associated with ADRs and negative clinical outcomes in older people [8, 9, 37] . The observed higher prevalence of serious ADRs documented in the discharge summaries of H3 may reflect differences in documentation (e.g. part of the integral role of the pharmacist in H3, or the greater tendency of junior medical staff to seek information from senior staff rather than other juniors in H3). Alternatively, it may represent a real difference in serious ADRs, unrelated to geriatric high-risk prescribing measures, as observed previously [38] .
The observed high prevalence of polypharmacy (86-97%) on discharge is consistent with large studies of both Australian (76%) and North American (79%) older inpatients [39, 40] . Further, the prevalence of prescribing of PIMs (36-54% on admission and 43-50% on discharge) was consistent with Australian studies of older patients discharged from acute care to nursing homes (54% on admission and 50% on discharge) [41] .
The high incidence of polypharmacy and PIMs in geriatric wards identified in this study reveals the potential for improvement. Previous studies have identified interventions that are effective in reducing inappropriate prescribing in older adults [42] , such as educational interventions, computer decision support systems [43] , pharmacist-based interventions, geriatric medicine services, multidisciplinary team reviews and regulatory policies [11] . Future implementation studies could exploit knowledge of MIE networks.
While there were small differences in MIE networks, there were no significant differences in prescribing measures. The similarity in prescribing behaviour may be attributed to a combination of network resilience and the many enablers/barriers to optimizing prescribing for older people that cannot all be altered by teamwork. Network resilience is the capacity of social networks to tolerate disruption and subsequently adapt [44] , with stability of networks attributed to high levels of redundancy and diversity of relationships between individuals [45] . The geriatric medicine wards examined in this study appeared adequately staffed, with multiple staff members in each discipline, and competent replacements provided if needed. Relative to patient medicine information, these wards are further designed to have numerous complementary information sources (including external human/non-human resources not shown in networks) to compensate for internal disruptions that may affect prescribing. Reasons to prescribe, continue or cease medications are multifactorial, highly interdependent and are impacted by clinical, cultural and social considerations from both the patient and the prescriber [46] . Potential barriers to optimization of medicine regimens include fear of consequences resulting from change, time limitations, multiple prescribers and patient (and family member) beliefs and attitudes about medicines and their resistance to change [46] . Effective communication and teamwork surrounding MIE may only go so far to improve appropriateness of prescribing in the face of these other patient, practitioner and system-related barriers that go beyond communication networks [47] .
This was the first study to compare MIE in geriatric medicine wards across four hospitals, with the additional potential to associate network parameters with patient outcomes. A particular strength of the study was that we examined the association between medicine related information interactions between staff and practice/patient outcomes. Additional strengths are the near complete response rates and validated high-risk medication use outcomes. As such, the study is very representative of the wards studied, although not necessarily generalizable to other settings.
Limitations of this study must be considered. Network analysis is inherently based on recollection of previous and often complex discussions. In the information-heavy, highpaced domain of hospital wards, staff members may not identify which conversations were specific to patient medicines, may not recall who they spoke to, or may not know the name of the person to whom they spoke to (and therefore are unable to identify them on the roster format). Despite this, the data still provide an accurate reflection of the perceived network created by each respondent. This may be a useful predictor of network behaviour as an individual's MIE may be constricted by their awareness of the surrounding network [48] . Another limitation is that this study only identified if one or more interactions occurred between two staff members without addressing the quality or quantity of information transferred. A time in motion study would be better able to investigate associations between discussions about specific drugs and the prescribing of those drugs. Initiating communication with another staff member does not differentiate between transfer of information about the patient's medicines, asking for advice or giving advice on management of medications. Additionally, social or problem solving interactions were not captured, nor were interactions with the patient and/or family members, both of which can potentially influence information exchange networks. Regarding medicines use data, medication histories and discharge summaries found in electronic medical records are designed for patient care (not research), and may be incomplete with varied quality [49] . Ideally, documented ADRs and other patient relevant outcomes should be the primary outcome measure. However, limitations around data quality arise due to severe under reporting and variability in reporting of ADRs in healthcare systems documentation [50] .
Thorough understanding of how and with whom health professionals interact with is necessary in order to improve quality use of medicines in the ageing population. As healthcare systems realign from episodic, diagnose and cure health systems to sustainable long-term health infrastructures, multidisciplinary teams must thrive cohesively in order to support the continuum of function fundamental to holistic patient centered care [6] . Imperative to this is the appropriate training of healthcare professionals and subsequent integration of disciplines to provide sound continuity of care [28] . Using key players identified in this study, future research may determine how to best facilitate and foster integration of healthcare professionals to consolidate multidisciplinary teams within informal networks. Network analysis should further the endeavour towards dynamic, longitudinal patient-centred networks that include transitions of care as older patients navigate fragmented healthcare systems, aiming to improve patient outcomes.
Conclusions
Prescribing to promote the quality use of medicines requires effective communication and collaboration between the diverse range of expertise present in the multidisciplinary team. This study examined and compared MIE networks in geriatric medicine wards from four different hospitals, revealing the potential to associate network characteristics with clinical practice.
It further highlighted the role of doctors as key recipients of MIE, intraprofessional homophily, and that senior doctors and allied health were distant from core information exchange. Fostering integration of multidisciplinary professionals in informal networks, may result in more efficient access to expertise and may improve patients' clinical and functional outcomes from medicines. Identifying key individuals in hospital networks may also facilitate the rapid diffusion of information, interventions and policy initiatives to enhance the quality use of medicines.
